Background and Aim. Liver fibrosis is associated with the prognosis of patients with hepatocellular carcinoma (HCC) after resection. The fibrosis-4 (FIB-4) index is an accurate and noninvasive marker to determine the degree of liver fibrosis. Here, we evaluated the effect of pre-and postoperative FIB-4 index in predicting the outcomes after resection of HCC in patients who have chronic hepatitis B (CHB) infection. Methods. A total of 534 CHB patients with HCC who received curative hepatectomy between 2001 and 2016 at Kaohsiung Chang Gung Memorial Hospital, Taiwan, were enrolled in this study. The impact of the FIB-4 index (preoperative and the 1 st year after operation) on overall survival (OS) and recurrence-free survival (RFS) was evaluated. Results. There was a significant association between the preoperative FIB-4 index and Metavir fibrosis stage (p < 0:01). The multivariate analysis showed that preoperative FIB-4 > 2 is an independent risk factor for RFS and OS after HCC curative resection [hazard ratio (HR), 1.902; 95% CI, 1.491-2.460; p < 0:001, and HR, 2.207; 95% CI, 1.420-3.429; p < 0:001, respectively]. Notably, preoperative FIB-4 is also an independent risk factor for RFS (HR, 1.219; p = 0:035) in noncirrhotic patients. Furthermore, patients had deteriorated FIB-4 1 year after operation [definition: the value ðthe 1 st year FIB-4 after operation minus preoperative FIB-4Þ > 1] and had an adverse outcome in RFS and OS (p < 0:001, both). Conclusion. The pre and postoperative FIB-4 indexes are useful clinical markers to predict the prognosis in HBV-HCC patients after curative hepatectomy.
Introduction
Hepatocellular carcinoma (HCC), the fifth most common cancer worldwide, is a major health problem which can result from chronic inflammation induced by viral infection, such as hepatitis B and C, high intake of alcohol, and metabolic syndrome [1, 2] . The incidence of HCC has increased over the past decade, and it is characterized by a high frequency of fibrosis and cirrhosis, which may impact the host inflammatory microenvironment [2] . Surgical resection remains the most effective treatment for patients with early stage HCC and who are with well-preserved liver function. However, even after complete HCC resection, the carcinogenic tissue microenvironment in the remnant liver can give rise to recurrent HCC. Thus, early detection and prevention of HCC recurrence are the most impactful strategies to improve HCC patients after complete resection.
HCC patients with advanced fibrosis or cirrhosis have a poor prognosis; thus, the preoperative assessment of liver fibrosis and cirrhosis is crucial for optimizing patient prognosis [3] . Currently, the gold standard for diagnosing and staging hepatic fibrosis is liver biopsy, but in fact, biopsy is impractical because of its invasiveness and complications. The accuracy of liver biopsy is also severely compromised by intra-and interobserver variation as well as sampling error [4] . Numerous serologic tests have been developed to detect liver fibrosis. One of them is the fibrosis-4 index (FIB-4) scoring which is the most widely used serum marker [5, 6] . This model has already been used to evaluate liver fibrosis in patients who are chronically infected with HBV or HCV, even in HCC patients scheduled to undergo liver resection [7] [8] [9] . However, the prognostic role of the preand postoperative FIB-4 score and the variation of FIB-4 score in HBV-HCC patients after resection was likely underestimated.
In the present study, we evaluate the effect of postoperative FIB-4 changes in predicting the outcomes in patients with HBV-related HCC with BCLC stage 0 or A after curative resection.
Patients and Methods

Patients and Follow-Up
. This is a retrospective study conducted at Kaohsiung Chung Gung Memorial Hospital, Taiwan. This study complies with the standard of the Declaration of Helsinki and current ethical guidelines, and this study has been approved by the Ethic Committee of Chang Gung Memorial Hospital. Written informed consents were obtained from all patients. Between January 2001 and June 2016, a total of 2137 patients who had HCC and received resection were enrolled at first. Patients had prior HCC treatment before resection (n = 479), partial or incomplete resection (n = 918), hepatitis C (n = 543), hepatitis B plus hepatitis C (n = 97), and patients without hepatitis B nor hepatitis C (n = 362), and those who underwent liver transplantation (n = 186) were excluded. Finally, 534 CHB patients with HCC who received curative hepatectomy were enrolled in this study ( Figure 1 ). Liver cirrhosis was diagnosed by ultrasound findings as coarse liver parenchyma with nodularity, as well as small size of liver and the presence of features of portal hypertension [10] . HCC was defined according to the results of imaging studies and biochemical assays. Moreover, diagnosis was confirmed using histopathology. The diagnosis of HCC was based on the criteria of practice guidelines of the European Association for the Study of the Liver (EASL) or the American Association for the Study of Liver Disease (AASLD) [11, 12] .
The baseline demographics, tumor status, serum biochemistries, and severity of liver diseases were comprehensively recorded at the time of diagnosis. HCC stage was defined according to the BCLC guidelines. The TNM classification was assessed according to the system of the International Union Against Cancer (7 th edition) [13] . Tumor differentiation was determined using the Edmondson grading system. After resection, patients were monitored regularly for serum α-fetoprotein (AFP) levels and were further assessed using abdomen ultrasonography or liver CT 3 to 6 months until death or dropout from the follow-up program. The follow-up was ended in December 2017. OS was defined as the interval between the dates of surgery and death or the interval between surgery and the last observation. The recurrence of HCC was diagnosed using liver CT or MRI.
Liver Fibrosis Evaluation
2.2.1. Histology. After HCC resection, two experienced pathologists who were blinded to patient clinical information assessed liver specimens. The liver fibrosis stage was determined using the METAVIR fibrosis staging system, which was divided into five levels: F0-normal, F1-portal fibrosis, F2-fibrosis with few septa, F3-numerous septa, and F4-cirrhosis [14] . 
Result
3.1. Patient Characteristics. The characteristics of the population in this study before hepatectomy are presented in Table 1 . A total of 534 patients who had resectable HCC from January 2001 to June 2016 were recruited in the current study: 453 (84.8%) males and 81 (15.2%) females. The mean age was 53:5 ± 11:2 years. The mean follow-up time was 65 months. A total of 249 patients (46.6%) had liver cirrhosis by ultrasound image, similar with pathologic diagnosis, in which 225 are F4 (46.2%, 225/487). In the Child-Pugh grade, the majority of patients were grade A (96%, 512/534). The mean FIB-4 score before operation was 2:3 ± 1:7.
FIB-4 Scores Are Correlated with Metavir Fibrosis Stage.
According to the METAVIR fibrosis stage, there were 86, 64, 57, 55, and 225 in F0, F1, F2, F3, and F4, respectively. The mean of the preoperative FIB-4 score was 1:6 ± 1:2, 1:8 ± 1:1, 1:9 ± 1:2, 2:3 ± 1:2, and 3:0 ± 2:0 in F0, F1, F2, F3, and F4 stages, respectively. The association between the preoperative FIB-4 level and Metavir fibrotic stage revealed a significant association (Spearman rho = 0:436, p < 0:01 for linear trend), resulting in higher median FIB-4 scores with increasing Metavir fibrosis stage ( Figure 2 ).
ROC Curves of FIB-4
Score for HCC OS. The levels of the FIB-4 score were measured in 506 patients, and the median was 1.8 (mean 2.3, range 0.3-14.3, standard deviation 1.7). ROC curve analyses were performed to evaluate the predic-tive accuracy of FIB-4 for HCC OS, which indicated that a higher FIB-4 index could predict HCC OS with significantly more accuracy. The optimal cut-off point was 2, which corresponded to the maximum joint sensitivity and specificity on the ROC plot for FIB-4 (AUROC = 0:503, 95%CI = 0:521-0.634, p = 0:004). A sensitivity of 45% and a specificity of 73% were obtained for the prediction of death. and OS (p = 0:0002), respectively ( Figure 3 ). We also compared the postoperative FIB-4 score, and the result was similar. Patients with a postoperative FIB-4 score > 2 had significantly worse RFS (p < 0:0001) and OS (p = 0.0007), respectively, compared with those with a postoperative FIB-4 score ≦ 2 ( Figure 4 ).
Prognostic Factors Associated with RFS.
In RFS, univariate analysis identified the following factors as significantly linked to HCC recurrence: age > 60 years, presence of DM, presence of liver cirrhosis, platelet count < 150 × 10 9 /L, albumin < 3 g/dL, FIB − 4 > 2, tumor size > 5 cm, TNM stage, histology grade, and presence of vascular invasion ( Table 2 ). Multivariate analysis revealed that DM (HR 1.887, 95% CI = 1:702-2.716, p = 0:001), liver cirrhosis (HR 2.117, 95% CI = 1:513-2.960, p < 0:001), FIB-4 > 2 (HR 1.085, 95% CI = 1:102-1.163, p = 0:022), tumor size > 5 cm (HR 1.615, 95% CI = 1:097-2.379, p = 0:015), histology stage (HR 3.306, 95% CI = 1:441-7.581, p = 0:005), and vascular invasion (HR 1.537, 95% CI = 1:132-2.088, p = 0:006) were independent risk factors for HCC recurrence. Subsequently, we analyzed the factors associated with RFS in patients without cirrhosis. Multivariate analyses showed that DM (HR 2.863, 95% CI = 1:584-5.194, p < 0:001), higher FIB-4 score (HR 1.219, 95% CI = 1:014-1.466, p = 0:035), and TNM stages (HR 3.786, 95% CI = 1:607-8.917, p = 0:002) were the independent risk factors (Table 3) .
3.6. Prognostic Factors Associated with OS. In OS analysis, multivariate analysis disclosed that the presence of DM (HR 2.898, 95% CI = 1:628-5.160, p < 0:001), AFP > 20 ng/ mL (HR 2.020, 95% CI = 1:164-3.507, p = 0:012), FIB-4 > 4 (HR 2.940, 95% CI = 1:622-5.329, p < 0:001), and histology stages (HR 6.400, 95% CI = 2:501-16.377, p < 0:001) were the independent risk factors (Table 4 ). with w stable or improved FIB-4 score had significant RFS and OS than those with a deteriorated FIB-4 score (p < 0:0001, both).
Discussion
HCC is one of the leading causes of cancer-related deaths worldwide [16] , and in Asia, HBV infection is associated with most cases of cirrhosis and HCC [17] , thus. HBV-related HCC remains among the top causes of cancer mortality in Asian countries. Liver resection is a widely effective treatment for patients with resectable HCC and well liver function reserve; however, the long-term prognosis after resection of HCC remains unsatisfactory due to a high rate of intrahepatic recurrence [1, 18] . Hence, long-term monitoring of HCC progression after curative resection is important. So far, effective and reliable predictors for HCC prognosis after resection have not been identified. The serum α-fetoprotein (AFP) is the most common marker to follow up HCC after resection. However, less than half of the patients with HCC presented a raised AFP level. Except for AFP, the status of fibrosis or cirrhosis is also a useful predictor for HCC prognosis, which includes the Ishak stage [3] and liver stiffness measurement [19] [20] [21] . The FIB-4 score is used widely to evaluate the severity of cirrhosis in patients with HBV [7, 8] , and a recent study reveals that the FIB-4 score is a good predictor for HBV-HCC patient after receiving operation [22] . But the postoperative FIB-4 score for HCC prognosis prediction is still unknown.
In our study, we calculated the preoperative and postoperative FIB-4 score of patients with HBV and had very early and early stage of HCC who had received curative HCC resection. A worse postoperative prognosis of OS and DFS is associated with a preoperative and postoperative FIB-4 score > 2 and a deterioration of the postoperative FIB-4 score by multivariate analysis. To explain this finding, comorbidity caused by the severity of liver cirrhosis and the condition of inflammation should be considered. Thrombocytopenia, which contributed to the elevation of the FIB-4 score, is a common comorbidity of liver cirrhosis and may be related to the occurrence of postoperative complication, such as bleeding or infection, and may contribute to a worse prognosis. Liver cirrhosis causes persistent inflammation of the liver tissue, and the production of inflammation cell may lead to a recurrence of HCC which is caused by circulating cancer cells [23] . Immune inflammation also plays a crucial role in advanced HCC by inducing the changes of the cancer microenvironment; thus, the use of an immune modulator may have potential benefit in patients who have HCC in the future [24] . Furthermore, a relapse HCC after operation may be due to the metastasis of de novo tumors, which arise in the cirrhotic liver rather than the original tumor [25] . In our study, we find that diabetes mellitus also contributed to a worse prognosis to OS and DFS. Similarly, a diabetes mellitus may represent a general inflammation condition of the patient and also lead to various comorbidities which may lead to a poor postoperative outcome. Thus, a good control of diabetes mellitus and inflammation may improve the patient's outcome. In a recent study by Shyu et al. [26] , diabetes also led to a higher risk of hepatocellular carcinoma in patients with CHB. But the control of diabetes mellitus may not show a good prognosis to HCC instead; in a study by Casadei Gardini et al. [27] revealed a poor OS and progression-free survival in patients who had advanced HCC and under metformin treatment; resistance to cancer treatment caused by metformin was considered. Another study by Baba et al. [28] revealed insulin treatment promoted the progression of liver carcinogenesis in mice. Thus, while diabetes increased the risk of hepatocellular carcinoma and contributed to worsen the outcome in our study, the association between prognosis and a well control of diabetes needs further evaluation. A recent study by Liao et al. [22] has a similar conclusion; in 108 HBV-HCC patients who received resection, the FIB-4 score can be a good predictor for outcome. A meta-analysis by Zhang et al. [29] also represented a result; in patients with HCC, the FIB-4 score may be a useful predictor. In our study, the value of the preoperative FIB-4 score is similar to the prior studies. In addition, we also found that the postoperative FIB-4 score and a deterioration of the postoperative FIB-4 score have a similar value to predict the HCC prognosis. To our knowledge, this is the first study indicating the value of the postoperative FIB-4 score. Therefore, we suggest that it is very important to monitor the FIB-4 score continuously for predicting the outcomes of HCC patients after resection.
The FIB-4 index, which is a simple and noninvasive liver fibrosis marker, was firstly developed for predicting the degree of liver fibrosis in patients with HCV/HIV coinfection [15] , and subsequently, it was validated in a cohort of HBVinfected patients. Recent meta-analysis studies present that the FIB-4 index is helpful for predicting significant fibrosis in CHB patients [30, 31] . Our result is consistent with the prior studies. In the present study, we found that the FIB-4 score was associated with liver fibrosis stage, which was based on the histopathologic assessment after liver resection. Notably, in noncirrhosis patients (53.4%, 285/534), high levels of the FIB-4 index were significant predictions of HCC recurrence. These results support the notion that the FIB-4 index is a useful clinical marker to predict the outcomes of HCC patients with different fibrosis stages.
In the present study, except for the FIB-4 index, we also showed that DM, liver cirrhosis, tumor size, histology stage, and vascular invasion were important predictors for HCC recurrence; in addition, DM, AFP, and histology stage were independent risk factors for overall survival. It was consistent with the results from the previous studies in which patient factors (DM) [32] , liver background factor (liver cirrhosis) [33] , and tumor factor (vascular invasion, histology stage, and AFP) [34] determined the outcomes of HCC patients.
Regarding HBV antiviral therapy, several studies have showed that nucleoside analogue treatment was associated with a lower risk factor of HCC recurrence after resection [35, 36] . But there are still some studies indicating the opposite results [37] . In the present study, there was no association among antiviral therapy, RFS, and survival. The result is not very solid due to the variations and complex of antiviral therapies in our cohort. In Taiwan, the HBV treatment is covered by the National Health Insurance, but HCC is not indicated, unless patients were cirrhotic with serum HBV DNA > 2000 IU/mL. Therefore, many patients were treated by self-paid antiviral agents, which resulted in the poor compliance. Hence, it is too weak to make a conclusion here that antiviral therapy is not associated with RFS and OS. However, we still can see the better RFS and OS trend in the later era (2009-2016) compared with the early era (2001-2008), although there are no significant changes in both, which suggested that the nucleoside analogue treatment changed this. This result is compatible with the study from Taiwan which used the Taiwan National Health Insurance Research Database enrolling 4569 HBV-related HCC patients [35] .
There are some limitations in our study. First, we only enrolled patients with HBV; whether our results could be applied to CHC patients needs further research. Second, we retrospectively collected the data from medical records. Some patients lost to follow up or even died after operation. We should interpret the data in our study with caution. Third, our patient population is mainly Asians. All of the patients received operation in a single medical center. Thus, the conclusion in our study may not fit other race or patients who received operation in other regions. Finally, all patients in this cohort were treated at a tertiary medical center; therefore, referral bias could not be completely avoided. Hence, future well-designed and larger studies will be needed to consolidate our results.
In conclusion, the pre-and postoperative FIB-4 indexes are useful clinical markers to predict the outcomes in HBV-HCC patients after curative hepatectomy. Therefore, the FIB-4 index should be assessed regularly for HCC patients before and after resection. Further studies are warranted before it can be applied into the daily practice.
